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Abstrace

For the sets of macnetic clouds studied in this work we fave shown
that there is a general relationshiip hetween their magenetic ticlds strenoth
and velocities, with a clear tendeney that the taster the speed of the eloud
the higher the maguerie field. This result may mvolve an iutrinsic prop-
erty of magnetic clouds and also a geophysical consequence. The relatively
low field strengths ar low velocitios s presumably the canse of the lack of
intense storms during low speed ejecta. There 1s also an indication that
this type of hehavior is peculiar for magnetic clouds, whereas erther types
of non cloud-driver gas events do not seem to show a similar relationship.,
at least for the data studied in this paper. We suggest that an intrinsic
magnetic field /speed relationship for magnetic clouds, as that obtained in
our present study. could he associated with the cloud release and accelera-
tion mechanism at the sun. This suggestion 1s based on a recent computer

simulational work that supports our results.

Introduction.

It has been well established that major (Ds, < 100" nT) magnetic
storms are associated wit h fast Coronal Mass Ejections ( CMEs | coming
from the sun from both during solar maximumn ( Gonzalez and Tsurutani,
1987: Tsurutam et al.. 1988: Gosling et al.. 1991: Gonzalez et al. 1994)

and the descending phase of the sola v eyele (Tsurutani ot al. 1995). The



energy transfer mechanism from the solar wind to the magnetosphere ap-
pears to be maguetic reconnection between the interplanctary and the
carth’s magnerie ficlds. The interplanctary dawn-dusk eleetrie tield. is
eiven by v = Bg governs this process (Dungey. 1961). In the above ex-
pression. v is the solar wind veloeity and By is the sonthward component
of the interplanetary magnetie ficld (IMFEF). Gonzalez aud Tsurutani (1987)
have established empirically that the interplanetary electrie tield must be
greater than o m\ /m for Jlonger than 3 howrs to create a Dy < - 100 uT
magnetic storm. This corresponds to a southward ficld component larger

than 12.5 nT for a solar wind speed of = 400 INm/s.

Although the positive correlation between fast CMEs and magnetice
storms have been stressed and is reasonably well understood. little atten-
tion has been paid to the opposite question, why don’t slow CMEs lead
to magnetic storins? Since this question involves the role of the magnetic
field of the CME. it leads to a more general question. namely how are
the CME's speed and magnetic field related to cach other? These are the

questions we wish to address in this letter.

I'f the speed of the solar ejecta is less than the upstream slow solar
wind plus the magnetosonic wave's phase velocity, a fast forward shock will
not form at the leading (antisunward) edge of the ejecta. and there will
not he compressed sheath ficlds. On tilt ot}I(rl~:ill(l. ollellliglit” ask “why

can’'t the ejecta themselves have ficlds intense enough to create magnetic



storms with mtensities Dy < - 100 n 177, Tsurutant er al.(1992) have
shown examples of ereat (Dy, <0 - 250 n'l) magnetic storms that were
caused by maenctic clouds with toral field intensities of = 25 0T and =~ 35
nT (from which more than 90% of the mtensity were in the £, component ).
In both cases the veloeities of the cjecta ar 1T AU were “fast™ (550 Km/s

and 600 IKin/s) but certamly not exeeprional.

Method of Data Analysis.

To address this issue first we use magnetic clond events. Magnetic
clouds (Klein and Burlaga. 10825 are those portions of CMEs where there
are strong north-south deviations in the field. It is thought (Farrugia et
al.. [1997], and references therein) that clouds are giant flux ropes formed
by field aligned currents. The B, component of the cloud has typically an
amplitude that represents a substantial fraction of the total INF intensity.
For example. for the intense and superintense storms studied by Tsurutam
et al.(1988) and Tsurutani et al.(1992). the magnetic clouds responsible
for about half of the storm events had their B, fields with intensities of
70% or more of the total IMF intensity. This fact justifies why magnetic
clouds with strong magnetic fields have typically strong B, components

and therefore cause mtense storms.

We have chosen to examine previously  published magnetic cloud

events because their identification exists in the literature and the public



lias the opportunity to exawmine the events in detail. We use the magnetie
clond events 1identitied in Klein and Burlaga (1982): Burlaga ot al. (1987):
Tsurutani et al.(1988: 1992). Burlaga ot al. (1996) and Farrugia et al.
(1997). There are 19 events in total and all of them were observed at
~ 1 AU. For cach event we record the peak solar wind speed and the peak
magnetic field values during the mterval of the cloud events. using the
plasma and magnetic field wstrumentation on board of the spacecraft (a
variety of space missions ). The data have been acquired from the NSSDC

web.

Then. we obtained a second and ndependent set of clouds in the
following way. We took the whole year of 1979, for which a full set of
plasma and magnetic ficld data was recorded by the ISEE-3 satellite. and
identified the driver gas events using the criteria discussed by Zwickl et
al. (1983) and Tsurutani et al.(1988). These events were divided in two
subsets. one including only clear magnetic clouds, involving clear field
rotations (e. g. Klein and Burlaga, 1982), and the other subset was formed
with the remaining driver gas-non cloud events. For the first subset we
obtained 13 events and for the second one 24 events. All these two types
of events followed fast forward shocks. as identified by Smith et al. (1986)

for the ISEE-3 interval.

As for the first set of clouds. we also performed the same study for

the peak values of the solar wind speed and the magnetice fields within the



intervals of these two subsets of events,

It 1s 1mportant to point out that the first set of magnetie clonds
involve more intense events chigher B and o values) than those existing in
the subset of the ISEE-3 events, and also caused more intense magnetic

storis.

Results.

The magnetic cloud mtensity versus speed for cach of the 10 events
of the first set of clouds is shown i Figure 1. 1n a scatter-plot format. A
lincar regression fit is added to the plot. The correlation coeflicient is 0.85

and the linear regression line gives,

Bpeak(nT) = 0.05 vpear(Wm/js) - 2.01

Figure 2 shows a similar plot for the second set of clouds. for the 1979
driver gas-clear cloud events. and Figure 3 refers to the combined data set
of those plotted in Figures 1 and 2, namely involving 32 clouds. both with

fairly similar correlation coethlicients to that of Figure 1.

From Figure 3. we note that at cloud velocities of » &2 400 Kin/s. the
field magnitudes can be 13 to 20 nT, which could have a I, component
comparable to the value expected from the Gonzalez and Tsurutani (1987)

criteria. discussed in the Introduction.



There 1s a eclear tendencey m these tigures that the faster the speed
of the cloud the higher the maenetic tield. The highest velocity ejecta
ever measured was i the Auenst 1972 event. The veloeity ar 1 AU was
around 1500 kinz's. At 2.2 AU from the sun, Pioneer 10 measured a peak
magnetic Held of about 16 nT within a magnetie clond event. as identitied
by Tsurutani et al.(1992) and discussed by Tsururant and Gonzalez(1992).
If one assumes a -7 radial dependence of the tield (Rosemberg et al.,
1978). this would correspond to about 60 uT field at 1 AU. these magnetic
field and corresponding speed values fit the general trend of Figure 1 (sinee
this figure refers more to very intense events). On the other hand. the
magnetic cloud event of Jan 10. 1997, with peak values of about 15 nT

and 450 Km/s, fits fairly well the trend shown in Figure 3, that includes

more moderate mtensity events,

Figure 4 refers to the ISEE-3 subset of driver gas-non cloud events.
Omne can see that this plot is largely scattered. without any clear trend for
a relationship between the peak values of the magnetic field and the solar
wind speed. One can speculate that this set of events could still include
clouds that were crossed by the satellite far from their center, for which a
rotation in the field was not observed. In such a case much lower B ficlds
are expected for a similar ¢ value of the cloud. It is possible that other
driver gas structures could be involved in Figure 4. and deserve a detailed

investigation.



Discussion and Conclusions.

We have shown a general relationship bertween magnetie cloud field
strength and velocities that may involve an intrinsic property of maguetic
clonds and also a geophysical consequence. There 15 a clear tendency
that the faster the speed of the clond the higher the magnetie tield. The
relatively low field strengths at low velocities is presumably the cause of

the lack of intense storms during low speed ejecta.

There is also an indication that this type of behavior 1s peculiar for
magnetic clouds. whereas other types of non clond-driver gas eveuts do

not seemn to show a similar relationship.

At this time.the physical causes of the reported relationship between
the magnetic ficld and plasima speed of the magunetic clouds are uncertain.
Compression of the cloud is certainly occurring. Thus. it is possible that

in some cases the field increases can be accounted for by such an etfect.

Another possibility is that this relationship may be associated with
the CME release and acceleration mechanisms at t h e suun. For exan-
ple. a recent self- consist ent munerical MHD simulat jon st udy ( Wuet al.,
1997) shows that t heradial velocity of the fluxrope erupting from a hel-
met streamer depends on the strength of the azimuthal component of the

magnetic field of the flux rope. in a way consistent with the inagnetie clond



B — r relationship shown in this paper. A detailed parametric study of

this kind of simulational work is currently under way.
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Figure Captions

Figure 1. Scatter plot for B, . versus v, ¢ for the first ser of 19
magnetic clouds. raken from several references (see texr). involving

clouds that caused Intense and very intense magnetic storms.

Figure 2. Scatter plot for B versus vpeqk for the second set of 13
magnetic clouds. as measured by the ISEE-3 satellite in 1979, Al
events followed fast forward shocks and involve clouds that cansed

some mmtense but mostly moderate magnetie storms.

Figure 3. Scatter plotforthe combination of the two independent sets

of clouds shown in Figures 1 and 2.

Figure 4.Driver gas events that did notinvolve clouds with clear field
rotations (see text ) and that also followed fast forward shocks in 1979,

as measured by the ISEE3 satellite.
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